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PREFACE  
My interest for the association between changes in bodyweight and physical activity started as 
a result of my own experience with years of physical art performance in ballet. I finished a 
bachelor degree as a ballet teacher and performer, which involved hard training as well as a 
strong focus on bodyweight. Later I continued my education studying physiotherapy. I 
finished my second bachelor degree, and physiotherapy is now my occupation. My intension 
with this master thesis was to focus on the relevance of the topic in physiotherapy practice. 
The challenge of physical health problems associated with bodyweight is strongly present in 
physiotherapy practice nowadays. Weight problems are mostly associated with overweight 
and obesity rather than underweight in the population we study, aged 40-47 years. According 
to Statistics of Norway and the World Health Organization (WHO) the population is 
becoming increasingly heavier. Many physiotherapists are involved in the complicated 
process of helping patients to establish new and healthier routines in daily living, which again 
can be associated with changes in bodyweight. In Norway an increasing number of clinics for 
health protection have been established, with strong focus on bodyweight. Many of these 
clinics focus on interdisciplinary cooperation between health professionals, including 
physiotherapists.  
The main hypothesis in this master thesis has been an idea of a possible association 
between bodyweight changes and Health Related Quality of Life (HRQL), and a belief that 
physical activity could improve HRQL. According to International Classification of Function 
(ICF) developed by WHO, health promotion involves an understanding of health as an 
extended term, involving both organic, functional, social and mental aspects in physiotherapy 
intervention. A holistic view of the patient refers to a totality, where the whole is more than 
the sum of elements. Body and soul as a whole, rather than individual elements referred to as 
a dualistic view of humanity. A physiotherapy intervention involves an interview, the 
anamnesis, where patients are asked to describe their health complaints. This can involve 
organic causes as well as mental and social experiences which can impair patient well-being. 
Many people have contributed with help and support through my process of working 
with this master thesis. I will thank my husband Christian and my children Mario, Nathaniel 
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and Millie Linnea for their patient support. As a matter of fact the two youngest ones were 
born during these 3 years of part time further education. I have had two great supervisors PhD 
Jannike Øyen and Professor Trond Riise, which despite of the long distance have been 
available through mail or telephone correspondence. According to guidelines for use of data 
as specified in the following introduction and article, and well earned, my supervisors have 
been listed as co–writers of the article. My parents have both contributed with advice, 
technical help and support. My father Professor Arild Hervik is an experienced researcher, 
and my mother Synnøve Kåresen has recently fulfilled her own master degree in 
physiotherapy. Besides, my two younger sisters Kjersti and Jorid have contributed with 
linguistic correction. Additionally, many have contributed with support and encouragement, 
as well as babysitting. 
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SAMMENDRAG (NORWEGIAN)  
Innledning Kroppsvektproblematikk blir ofte forbundet med redusert helserelatert livskvalitet 
(HRQL), mens fysisk aktivitet har vist seg å forbedre HRQL. Få studier har undersøkt 
effekten av kroppsvektsvingninger på HRQL. Vår hensikt var å undersøke effekten av 
kroppsvektsvingninger, kroppsvekt, fysisk aktivitet og røyking på HRQL. 
Metode I en tverrsnittsanalyse av Helseundersøkelsen i Hordaland (1997-99), ble 9276 menn 
og 10433 kvinner i alderen 40-47 år inkludert. Vekt og høyde ble målt, og informasjon om 
kroppsvektendringer, fysisk aktivitet og røyking ble registrert ved hjelp av spørreskjemaer. 
Her inngikk også det standardiserte spørreskjemaet Medical Outcomes Study MOS kortform-
12 (SF-12). De 12 spørsmålene ble stratifisert i en sammensatt fysisk- (PCS) og en 
sammensatt mental helse score (MCS). 
Resultater Resultater fra analysene viste at kroppsvektendringer hadde en markant negativ 
effekt på både PCS og MCS, med redusert score lineært med økende kroppsvektendringer 
(p<0,001). Kroppsmasseindeks hadde også signifikant sammenheng med variasjoner i PCS og 
MCS, hvor normalvektige hadde best PCS. De normalvektige hadde overraskende en lavere 
gjennomsnittlig MCS i forhold til deltakerne med høyere kroppsvekt. Videre ble det funnet en 
signifikant sammenheng mellom redusert PCS og MCS og lav fysisk aktivitet samt røyking 
(p<0,001). Kvinner hadde signifikant bedre PCS ved høy fysisk aktivitet enn menn, og scoret 
i gjennomsnitt 5,0 poengenheter høyere fra de minst til de mest fysisk aktive individene, 
sammenlignet med forskjellen hos menn på 3,2. 
Konklusjoner Våre funn viser at kroppsvektendringer har en tydelig negativ innvirkning på 
fysisk og mental helse. En høy kroppsvekt er relatert til redusert fysisk helse, men ikke mental 
helse. Videre har kvinner i følge vår analyse en større nytteeffekt av økt fysisk aktivitet enn 
menn.  
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ABSTRACT 
Introduction Bodyweight outside the normal range is commonly associated with reduced 
health related quality of life (HRQL), while physical activity has shown to improve HRQL. 
Few studies have investigated the effect of relative bodyweight changes on HRQL. Our 
objective was to investigate the effect of bodyweight changes, bodyweight, physical activity 
and smoking on HRQL. 
Methods In the community–based Hordaland Health Study (1997-99), 9276 men and 10433 
women aged 40–47 years were included. Weight and height was measured and information on 
bodyweight changes, physical activity and smoking was obtained from self–administered 
questionnaires which included the Medical Outcomes Study MOS short form-12 (SF-12). A 
Physical (PCS) and a Mental health Composite Score (MCS) was derived from these 12 
questions.  
Results In multivariate analyses bodyweight changes had a significant effect on PCS and 
MCS, with reduced scores linearly with increasing bodyweight changes (p<0.001). 
Bodyweight was significantly associated with variations in the PCS and MCS. The normal 
weight individuals had the highest PCS, while they surprisingly had a slightly lower MCS 
compared to the higher bodyweight categories. Significant associations were found between 
low PCS and MCS, low physical activity and current smoking (p<0.001). Women had a 
significantly better effect of physical activity on PCS than men with a mean difference of 5.0 
score units from the least to the most physically active individuals, compared to the men’s 
score of 3.2 units.  
Conclusions Findings show that bodyweight changes are significantly related to a reduced 
physical and mental health, while a high bodyweight is related to reduced physical health but 
not mental health. According to analysis women have a greater potential for benefitting from 
physical activity than men.  
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Key words 
Health related quality of life, physical activity, bodyweight, bodyweight changes, smoking. 
Abbreviations 
BMI  = Body Mass Index  
(bodyweight in kilograms divided by the square of height in meters) 
HRQL  =  Health Related Quality of Life 
MCS  = Mental health Composite Score 
PCS  = Physical health Composite Score 
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1.0 INTRODUCTION  
1.1 Presentation of the topics  
“Health is a state of complete physical, mental and social well-being and not merely the 
absence of disease or infirmity” (The World Health Organization (WHO) 1948). 
Health Related Quality of Life (HRQL) is commonly used as measurement of health, and has 
previously been associated with bodyweight issues specified as Body Mass Index (BMI) 
(1;2), physical activity (3;4), and smoking (5;6). There seems to be an association between 
physical and mental health and bodyweight; overweight, underweight, weight gain or weight 
loss. Many negative health issues in association with weight gain, overweight and obesity has 
previously been reported (7-9). An ongoing overweight epidemic (7;8) has in the resent years 
led to escalated focus on initiating weight loss among exposed individuals. Since bodyweight 
is commonly expected to increase with increasing age (10), middle aged adults might be in a 
target group as exposed individuals. However, the relation between bodyweight changes, due 
to bodyweight gain or bodyweight loss, and HRQL are less commonly researched (11;12). 
There are individual differences in the understanding of physical activity, but one 
definition is commonly used: “Physical activity is defined as any bodily movement produced 
by skeletal muscle that result in energy expenditure beyond resting expenditure”(13). 
1.2 Aims 
The aim of this study was to investigate HRQL in relation to bodyweight changes, including 
weight loss, weight gain and weight maintenance, as well as gender differences. A further aim 
was to study the association of BMI, physical activity and smoking on HRQL. The 
hypotheses that were tested in this study were that bodyweight changes can impair HRQL, 
and that physical activity can improve HRQL.  
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2.0 PREVIOUS RESEARCH 
2.1 Health Related Quality of Life and bodyweight 
The average bodyweight in the Norwegian population has increased during the recent 
decades, while the daily physical activity level has decreased (8;9). WHO states that 
overweight is one of the most serious public health problems worldwide (7). Overweight 
commonly leads to health impairment, like impaired physical functioning as a result of 
increased strain on joints (14-16). Individuals with a high bodyweight tend to report bodily 
pain to a greater extent than normal weighted (17;18), which can be improved by bodyweight 
loss (19) and increased physical activity (20). Stigmatization and discrimination of the 
overweight can impair mental well-being (14;21;22). Some even consider overweight 
individuals to be less effective than those with normal bodyweight (23). As a result, social 
pressure might initiate weight loss attempts (20). Notably, underweight can also impair 
HRQL, and there is an association between underweight and increased mortality and disease 
(2). However, overweight and obesity is more commonly considered a health threat among 
middle aged adults than underweight, as a higher proportion of adults tend to gain rather than 
lose weight over time (2;15-17;21;24). Decreasing total energy expenditure due to changes in 
resting metabolic rate and activity energy expenditure is commonly seen inversely related to  
increasing age (10).  
2.2 Bodyweight changes 
Few studies regarding the effect of bodyweight changes on HRQL have previously been 
published (2;11;12). Some have investigated the effect of sole factors bodyweight loss or gain 
on HRQL (18;19;23). Vitality and general physical health has been associated with weight 
loss (2;18;23). In fact even a small amount of weight loss has been shown to improve HRQL 
(22). Simply attempts to lose weight might have a pronounced positive effect on general 
health and vitality in obese individuals (26), with health benefits occurring after loss of only 
one unit in BMI (27). Even in extremely obese individuals, a bodyweight loss of 5-10% has 
previously been reported to be beneficial to health as well as HRQL (19;28). However, 
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unrealistic expectations with a weight loss of more than the recommended 5-15%, is 
commonly associated with bodyweight gain following bodyweight loss and further 
bodyweight changes (16). A short term weight loss is quite easily achieved, but many struggle 
with bodyweight maintenance (16;29;30). According to Dishman (1), one third of the 
individuals who lose weight regain the weight within 3-5 years. Previous unsuccessful 
attempts to lose weight are associated with further weight gain (11;15), and consequently 
bodyweight changes in a long term perspective. Therefore, establishing lifestyle changes 
which include adjusted diet in combination with increased physical activity are commonly 
recommended in order to lose weight and to maintain the obtained weight (14;16;29-38). 
Additionally, changes in diet and physical activity have previously been associated with 
bodyweight loss, gain and maintenance (25). Help from health professionals can be beneficial 
in order to establish lifestyle changes and maintain a healthy bodyweight (25;39). 
2.3 Physical activity  
The relation between physical activity, HRQL and bodyweight has frequently been 
investigated (1;4;13;40-42). Rates of depression is lower among adults who are even modestly 
physically active compared to more sedentary adults (1). As an extended term, physical 
activity includes the total use of energy during a day, including work related in some 
occupations, housework, transportation from one area to another or leisure time scheduled 
exercise (40), summarized as a less sedentary lifestyle as a result of  daily life activity (13). 
The time spent inactive has previously been reported to increase in line with increasing age 
(10). An active lifestyle can simply involve walking instead of driving a car, or spending less 
time on TV viewing (11;33).  
Physical activity is recommended in weight regulation and maintenance 
(13;16;20;29;43;44), and is shown to have a positive effect on a balanced energy intake in line 
with energy consumption, body composition, body fat distribution and resting metabolism 
(13;22). All types of physical activity affects energy balance, and in combination with a 
restricted diet, bodyweight loss or maintenance can be achieved (13). Hard physical activity 
with sweating and increased respiratory rate can be associated with a greater weight loss than 
light physical activity (11). However, light physical activity allows for a lower strain on joints 
(45).  
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Some claim that light physical activity, like walking, improves HRQL to a lesser 
degree than hard physical activity (4), and that this impacts the physical aspects of HRQL to a 
greater extent than the mental aspects (42). However, only a limited percentage of adults are 
active enough to achieve health benefit and improved HRQL, and an even smaller percentage 
are active enough to increase physical fitness (1). The recommendations from WHO for 
adults, is at least 150 minutes of moderate intensity physical activity a week, performed in 
bouts of minimum 10 minutes in duration. Alternately, 75 minutes of high intensity physical 
activity weekly (3). A common recommendation for overweight individuals is light physical 
activity 30 minutes in duration, performed five days a week as a start (16). If physical fitness 
is achieved, WHO state a further health benefit from linearly increasing level of physical 
activity (3), which is sufficient in order to lose weight and maintain the obtained bodyweight  
in a long term perspective (41;46).  
2.4 Gender differences 
HRQL has been reported to be lower among women than men (47), and women report bodily 
pain to a greater extent than men (17). On the other hand, men tend to have a higher BMI than 
women (23), whereas women report attempts to lose weight to a greater extent than men 
(21;38;43;46). Both men and women report weight loss attempts in association with their own 
perception of being very overweight (43). However, women are more likely to perceive 
themselves as overweight, not necessarily reflecting the actual BMI (43). 
Due to Wendel-Vos et al (41), moderate physical activity can be beneficial to physical 
health in both genders, as well as mental health in men. Women engaging in physical activity 
are likely to do so because they want to change bodyweight or body composition, and they are 
also more prone to developing eating disorders than men (48). A large weight gain can be 
associated with a reduction in both mental and physical health in women, while weight loss  
mainly is associated with improved physical health (12). Men seem to have other motivations 
for weight loss than women, such as a desire to become more effective at work or more 
attractive for the labor marked (49). It has also been reported that men tend to seek more 
anonymous ways of controlling bodyweight, for example through the internet (35), which has 
previously been reported insufficient for obtaining the desired bodyweight management in a 
long term perspective (48).     
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2.5 Smoking 
Smoking has previously been associated with bodyweight, in particular as a result of possible 
weight gain during smoking cessation (11;44;50). Current smokers tend to weigh less than 
non-smokers (6), and they are underrepresented among individuals trying to lose weight (46). 
However, weight loss attempts are rather common among former smokers (46). The reason 
for smoking being associated with a lower bodyweight is in part considered a result of 
increased energy expenditure during light physical activity (6). Besides, altered distribution of 
body fat is associated with smoking, with visceral rather than femoral or subcutaneous fat 
depositions which further is associated with serious disease (51). In addition, smoking can 
affect mental health following more self-reported days of impaired well-being among smokers 
compared to non-smokers (21).  
 2.6 Other factors that might affect HRQL 
Some factors were not taken into consideration in the current study, but should be mentioned 
due to a more or less important impact on HRQL and bodyweight. As previously mentioned 
one cannot avoid taking diet into consideration, mainly following recommendations of 
combining a restricted diet and increased physical activity in order to achieve or maintain a 
healthy bodyweight (13;19;22;38;39;46). In addition, alcohol consumption in larger amounts 
has previously been associated with weight gain (11;44).  
Social status, income and education is also associated with HRQL and bodyweight 
(52;53). Obese individuals with a high socioeconomic status have previously been reported to 
have a better HRQL compared to individuals with a low socioeconomic status (53).   
Sleep deprivation (51;54) and stress (55) has previously been associated with both 
overweight and reduced HRQL. Although this can mainly be explained by unhealthy eating 
habits, some claim that stress as a single factor may cause metabolic changes, and thereby 
independently induce bodyweight gain (56;57). The pattern of relation between HRQL and 
bodyweight varies between different ethnical races, since those of African origin tend to have 
a lesser impact on mental health by overweight compared to Caucasians (58). Further, 
individuals of African origin tend to have a higher BMI in general (52).  
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3.0 METHODS 
3.1 Study population 
The Hordaland Health Study (HUSK) was conducted during 1997-99 as a collaboration 
between the National Health Screening Service, the University of Bergen and local health 
services. The study population included all individuals in Hordaland county born 1953-57 
(N=29400) (42). A total of 8598 men and 9983 women participated, yielding a participation 
rate of 57% for men and 70% for women.  
The study also included 2291 men and 2558 women born 1950-51 who had 
participated in an earlier study in 1992-93 (42). Participation rates in these groups were 73% 
and 81%, respectively. The HUSK study protocol can be found on www.uib.no/isf/husk, and 
the HUSK questionnaire is included as attachment 3 later in this master thesis.  
3.2 Measurements 
The primary purposes of this study were to investigate the impact of bodyweight and 
bodyweight changes as well as physical activity and smoking on HRQL. Self-administered 
questionnaires provided information on various health behaviours including questions 
regarding HRQL, light physical activity and hard physical activity, highest bodyweight and 
lowest bodyweight the last five years as well as smoking habits. Baseline measurements 
included height and weight, carried out by a health professional with participants wearing 
light clothing and no shoes. BMI was calculated as weight in kilograms divided by the square 
of height in meters, and stratified according to WHO definitions into underweight BMI <18.5, 
normal weight BMI 18.5-25, overweight BMI 25-30 and obesity BMI >30. A further 
subdivision commonly used due to underweight and obesity is respectively severe-moderate 
and mild thinness and obesity class I, II and III. However, subdivision was not used in the 
current study.  
Measurement of HRQL was based on the standardised questionnaire Medical 
Outcomes Study (MOS) Short Form-12 (SF12). Questions were divided into sections 
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regarding physical and mental aspects of health (attachment 3). The participants were initially 
asked to self-report their own health due to diseases and medication. Further, how they 
currently felt regarding mentally related conditions such as nervousness, anxiety, irritability, 
happiness, depression and loneliness. Questions from the questionnaires referred to disease in 
the family due to genetic predisposition, muscle and skeletal problems, health habits as well 
as health and well-being. It is essential to note that measurement of health through 
questionnaires involve individual differences in the interpretation and perception of health. 
However, SF-12 is commonly used and tested for validity and reliability, as well as being 
reported to be easy and quick to complete (59). A subdivision into eight health related 
domains is commonly used; physical functioning, role limitation due to physical problems, 
bodily pain, social functioning, role limitation due to emotional problems, mental health, 
general health perception and vitality. A further subdivision also commonly used, as well as 
used in the current study, is stratification into Physical health Composite Score (PCS) and 
Mental health Composite Score (MCS). The PCS includes primarily the domains of physical 
functioning, role limitation due to physical problems and bodily pain. The MCS includes 
primarily health related social functioning, role limitation due to emotional problems, and 
mental health. The domains of general health perception and vitality load substantially on 
both scales (59).  
Bodyweight changes were self–reported by participants, stating their lowest 
bodyweight and their highest bodyweight the last five years. Later participants’ current 
bodyweight were measured by a technician. Bodyweight measurement performed by a 
technician versus self-reported bodyweight is not necessarily coinciding (43), partly due to 
poor synchronization of weights used for self-measurement and those used for measurements 
by professionals (11). As much as 10 kilograms in a negative deviation between 
professionally measured weight and self-reported weight has previously been reported (33). It 
is essential that the participants actually have measured their own bodyweight the last five 
years. Additionally, it should be mentioned that solely timing of measurement before or after 
a meal or fluid intake can interfere with the result. Due to sources of measurement error ≥3 
kilograms of deviation between professionally measured bodyweight and self-reported data, 
was defined as limit for excluding participants from further analysis. In the initial analyses, 
two groups were established, consisting of participants who misreported their bodyweight ≥3 
kilograms respectively higher or lower than currently measured. Thus, these subgroups were 
later excluded due to space limitation in the article and the risk of interfering with the purity 
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of the results. To further avoid the major error sources due to bodyweight measurement, all 
self-reported bodyweight changes were stratified into groups of bodyweight maintainers +/-
5% of BMI, moderate bodyweight changers 5-15% and severe bodyweight changers >15%. 
Low differences in HRQL among individuals keeping a stable weight compared to individuals 
with small fluctuations of less than 5% loss or gain has previously been reported (60), which 
can defend +/-5% as a definition of an upper limit of bodyweight maintenance.  
Questions regarding physical activity were in the questionnaires stratified into light 
physical activity without sweating and being out of breath and hard physical activity with 
sweating and being out of breath. Four response alternatives were established regarding 
leisure time spent weekly on light physical activity and hard physical activity, respectively. 
These alternatives were no physical activity, <1 hour/ week, 1-2 hours/ week and >3 hours/ 
week. In our analyses the first two alternatives were summarized into simply <1 hour/ week 
which provided 3 categories of light and hard physical activity, respectively. Intention to be 
physical active and actual physical activity is not necessarily coinciding (1), and might lead to 
over reported actual physical activity. Therefore, all physical activity was further stratified 
into groups of 9 increasing activity levels in order to capture a trend in the current population. 
Weekly leisure time spent on hard physical activity was given a higher sum score than leisure 
time spent on light physical activity. Light physical activity was given score 1 for no light 
physical activity, 2 for <1 hour/ week, 3 for 1-2 hours/ week and 4 for >3 hours/ week. Hard 
physical activity was given score 2 for <1 hour/ week of hard physical activity, 4 for 1 hour/ 
week, 6 for 1-2 hours/ week, 8 for >3 hours/ week. 10 groups of 9 increasing steps with 
increasing leisure time spent on physical activity was constituted from the lowest score 3 (1 
point for <1 hour/ week of light physical activity plus 2 points for <1 hour/ week of hard 
physical activity) to the highest score 12 (4 points for >3 hours/ week of hard physical activity 
plus 8 points for >3 hours/ week of light physical activity).  
Smoking habits were self-reported by participants, and provided information on 
smoking, no smoking or current smoking as well as daily number of cigarettes/cigars/pipes 
and eventually date of smoking cessation. Additionally, there was one question regarding time 
spent in smoky environment. However, in the current study smoking was categorized into 
current smoking, former smoking and non-smoking, and further detailed information 
regarding smoking was excluded. 
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Further questions from the HUSK questionnaires which were excluded provided 
information on coffee/ tea/ alcohol consumption, education, medication, work and eventually 
number of children (attachment 3).   
3.3 Study design 
Cross-sectional study design involves data collection from a defined population at a given 
time. The design can be used with the intention to measure relations between variables or to 
describe occurrences. In a cross-sectional study design, it is an advantage to have a large 
number of participants. With 10433 women and 9276 men included in this study, the 
conclusions are based on a rather large population. However, there are limitations in a cross-
sectional design. Casual factors are not measured, specified as causative reasons for impaired 
HRQL. As presented theoretically there are many factors which independently can be 
associated with HRQL. Recent changes in participants’ life situation can be exemplified by 
changes in marital status, in occupational situations or in social life. According to theoretical 
knowledge, there are reasons to believe that disease, changes in civil status, changes in work 
situation or changes in social life can impair HRQL and bodyweight changes (42;52). This 
includes a previously reported association between underweight and disease (2). However, 
few participants in the population analyzed had decreasing bodyweight compared to number 
of participants with increasing bodyweight, which will be discussed in chapter 4.0. Disease as 
a sole factor can impair BMI and bodyweight changes as well as HRQL. Neither of these 
confounding factors was measured in the current study, which could interfere with the result.  
3.4 Data and literature search 
Main findings in this study are summarized in the article’s result chapter. The databases 
PubMed and Cochrane were used in searches for literature. In the search for studies 
concerning HRQL, bodyweight changes and physical activity in combination were used as 
keywords, also including smoking. Since a rather low number of studies concerning 
bodyweight changes in general were found, studies concerning BMI in combination with 
HRQL or physical activity were preferably selected. Some studies were singled out using 
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additional keyword smoking. In searches for literature, about 150 studies and reports were 
considered relevant through reading the abstract. After reading articles and reports in full text, 
37 were singled out as sources in the article and 74 in the introduction thus some coinciding. 
Studies concerning children, adolescents, older people and other main topics as reason for 
bodyweight changes or impaired HRQL were excluded (exemplified by cancer or psychiatry). 
Some sources were referred to as reports from internet which was found in 
http://www.who.com (The World Health Organization reports), http://www.regjeringen.no 
(reports from the Norwegian government) and http://www.ssb.no/ (Statistics Norway). 
3.5 Statistical analyses and the explanatory power of the model 
Multivariate linear regression analyses were conducted using the statistical tool SPSS 19 for 
windows. The multivariate analyses were stratified by gender. Relative bodyweight changes 
converted from self-reported kilograms to percent of BMI was used in the analyses. 95% 
confidence interval (CI) was considered to be statistically significant, meaning that the 
interval that will cover the correct value of the estimated parameter with the 95% probability 
did not cover the value zero. All participants were initially included in the statistical analyses. 
However, because of missing data concerning all variables bodyweight changes, BMI, 
physical activity and smoking, there were different number of participants (N) in the different 
categories analysed. Participants with missing data on MCS or PCS were excluded.  
Regression analyses were selected as statistical method, due to data available from a 
population survey and the cross-sectional design. Analyses of the dependent variables PCS 
and MCS in association with the independent variables bodyweight changes, BMI, physical 
activity and smoking were specified in the linear regression in univariate analyses (y = ʄ (x) + 
℮) and in multivariate analyses (y = ʄ (x₁, x₂,…,xn) + ℮). y is the measured value of the 
dependent variable and x is the independent variables. ʄ is the function one seek to estimate 
and ℮ is a residual indicating the measurement error.  
Data analyses do nearly always contain measurement errors. Multi regression 
coefficient (R²) is a way of measuring to which extent one can rely on the result, depending 
on whether all relevant explanatory variables are included, the right function has been 
specified, the right statistical method is chosen and to which extent measurement errors are 
18 
 
avoided. R² is listed separately for men’s PCS (R² = 0.041) and MCS (R² = 0.031) and 
women’s PCS (R² = 0.70) and MCS (R² = 0.024), as well as in test of interaction between 
men and women’s PCS (R² = 0.067) and MCS (R² = 0.031). The explanatory power for 
women’s PCS was slightly higher than men`s, and the explanatory power for PCS was higher 
than the one for MCS. However, R² measured in this study was in general low which is as an 
indicator of low explanatory power through the current model. The variation in physical and 
mental aspects of HRQL could assumedly be further explained by other variables which were 
not included in the current study due to space limitation. However, low R² is commonly seen 
in studies with a cross-section study design, partly due to lack of a longitudinal view. The 
choice of other study designs in follow-up studies could strengthen the credibility of the 
conclusions. Follow–up studies are therefore required in order to draw final conclusions 
towards changes in clinical practice.  
The use of questionnaires in data collection depends on individual differences in the 
understanding of health and physical activity. More accurate data could be achieved through 
equipping participants with accelerometers (measuring all physical activity) or through 
weighing performed by a technician on a regular basis during a defined interval of time. 
Though the questionnaire SF 12 is commonly used and tested for validity as a measurement of 
HRQL, this questionnaire relies on participant’s perception of health on an individual basis. 
However, all measurement of HRQL is challenging due to individual differences. Data 
reliability depends further on participants’ sincere statement.  
There could be a covariance between the independent variables, which could be 
further measured through multicollinearity analysis. The independent variables bodyweight 
changes, BMI, physical activity and smoking may correlate with each other and interfere with 
the results. However, multicollinearity analyses have not been included in this master thesis. 
Through stepwise regression analyses, where different variables were included step by step, 
our results seem not to be very sensible to this problem.  
3.6 Other studies based on the Hordaland Health Study (HUSK)  
Several authors have based their studies on data from HUSK. Among these some studied 
HRQL (42;61), and several studied the effect of BMI on different variables (62-70). One 
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study measured bodyweight change in association with osteoporosis (62). The referenced 
studies are representing solely a selection of studies based on HUSK. However, no authors 
have measured this population’s HRQL in association with bodyweight changes and physical 
activity in combination.  
3.7 Ethical considerations 
The study protocol was approved by the Regional Ethics Committee and by the Norwegian 
Data Inspectorate. HUSK is recommended by the Regional Ethics Committee, Health Region 
III and approved by the Data Inspectorate. In the HUSK protocol it is specified that all 
information obtained in principle shall be available to researchers, including the right to 
publish the results of the research question. All use must be approved by HUSK management 
committee and project manager for the current project, which was performed in advance of 
the work with this master thesis. Publications to be projected require that the project manager 
is invited as co-author, as specified in the contract under the original protocol. The two 
supervisors Jannike Øyen and Trond Riise should therefore be listed as co-authors in the 
article in line with guidelines for use of data from HUSK. The article must further be 
submitted to the publication committee before submission for publication. 
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4.0 DISCUSSION 
4.1 Main findings 
The mean score of the PCS and MCS for men was higher than corresponding means for 
women. Most men were in the overweight category while most women were normal 
weighted, which further constituted a larger number of male participants with BMI >25 (table 
1). However, more men compared to women maintained their bodyweight, with fluctuations 
<5%. By comparison, nearly double as many women compared to men had fluctuations 
>15%. Nearly half of the population had never smoked. The association between HRQL and 
covariates were similar for men and women, with the exception of statistical significant 
gender differences due to an interaction of gender differences between BMI and PCS and 
MCS, and physical activity and PCS.  
PCS and MCS fell in line with increasing bodyweight changes, decreasing physical 
activity and current smoking. A low score on the PCS was significantly associated with high 
bodyweight change, a high BMI, little physical activity and smoking among both men and 
women (table 1). Also for MCS there were significant associations to all covariates although 
they were slightly smaller than for PCS. Analyzing men and women separately and including 
all covariates in a multivariate general linear model, showed that all covariates remained 
significant associated with both PCS and MCS for both genders (table 2 and 3). 
Physical activity was the variable with the highest effect size related to PCS for both 
genders, but significantly higher for women than men. Bodyweight change showed the 
strongest effect size on MCS for both men and women.  
4.2 Bodyweight changes  
Previously reported impaired HRQL related to bodyweight issues (2;15;23;28;33), correspond 
to our findings. High bodyweight changes were associated with low HRQL in general. 
Bodyweight changes had the strongest effect size on mental health in our study which is in 
line with previously reported results (12). Further, both men and women with 0-5% 
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fluctuations tended to have the best physical and mental health compared to individuals with 
greater fluctuations, corresponding to previous findings (60). In the current study, the highest 
percentage of participants had moderate fluctuations in bodyweight (5-15%). Due to 
participant age most of the bodyweight changes was expected to be weight gain (10-12). 
Weight gain is further commonly associated with lower physical functioning (2;18;23), and 
following lower PCS which was one of our findings. 
There were no significant gender differences in bodyweight changes associated with 
PCS and MCS. Men’s and women’s HRQL was equally impaired by increasing bodyweight 
changes. This finding was rather surprising because previous research indicate that women are 
more affected by bodyweight than men (17;38;43). However, gender differences in BMI 
related to PCS as well as MCS were found. Initially bodyweight changes were stratified into 
loss, gain or maintenance, and we found weight gain in 67.3% and 75.5% of the population 
for men and women, respectively. By comparison weight loss in 1.1% of men and 0.7% of 
women were found (data shown in table 1x presented later in this chapter). As mentioned 
previously, two groups of participants misreporting their bodyweight deviating ≥3 kilograms 
from technician measured bodyweight was initially established. Interestingly the “misreport 
1” group who reported their bodyweight to be ≥3 kilograms too high was remarkably smaller 
than the “misreport 2” group who reported their bodyweight to be ≥3 kilograms too low (table 
1x). Previous literature confirm that a tendency to discriminate against overweight and obese 
individuals is apparent in the community (14;21;23), which can explain why some have a 
desire to appear slimmer even in anonymous questionnaires. However, some individuals do 
not self-measure bodyweight, and report estimated bodyweight changes based on 
measurement made at younger ages, while there is a general tendency of weight gain in line 
with increasing age (2;15-17;21;24). An excerpt from a previous draft of table 1 is presented 
here. 
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Table 1x An excerpt from the table regarding characteristics of the study participants: 
Bodyweight changes by mean Physical health Composite Score (PCS) and mean Mental 
health Composite Score (MCS).  
  MEN (N = 9276) WOMEN (N = 10433) 
Values N (%) PCS MCS N (%) PCS MCS 
Bodyweight 
changes (relative 
change %) last 5 
yearsᵃ  
0-5% 2065 (22.3) 51.6 51.7 1358 (13.0) 50.9 51.0 
5-15% 5057 (54.5) 50.9 50.6 5646 (54.1) 49.8 49.5 
>15% 815 (8.8) 48.4 48.1 1791 (17.2) 46.6 47.8 
Misreport 1 47 (0.5) 49.8 50.6 21 (0.2) 47.5 50.4 
Misreport 2 600 (6.5) 50.7 50.6 595 (5.7) 48.4 49.5 
p-value <0.001 <0.001  <0.001 <0.001 
Deviation from 
mean self-reported 
bodyweight 
changesᵇ  
Lower 100 (1.1) 51.0 49.7 78 (0.7) 50.1 49.6 
Upper 6241 (67.3) 50.6 50.2 7878 (75.5) 49.0 49.1 
Middle 2380 (25.7) 51.6 51.7 1558 (14.9) 50.8 51.0 
p-value <0.001 <0.001  <0.001 <0.001 
The total population (N) used in the analysis may vary between variables due to different 
number of missing data.                   
ᵃ Misreport 1 = current bodyweight ≥3 kilograms higher than reported highest.  
Misreport 2 = current weight ≥3 kilograms lower than reported lowest. 
ᵇ Lower = current weight >-5% deviation, Upper = current weight >5% deviation,  
Middle = <-5% to <5% deviation 
 
4.3 Body Mass Index 
BMI levels above 25 was associated with reduced PCS, in line with previous findings stating 
that overweight and obese individuals have a lower physical functioning in general (71). 
Further, literature confirms physical impairment to a greater extent than mental impairment 
due to obesity (14-16) and underweight (2). Those with normal weight tended surprisingly to 
have the lowest MCS compared to overweighed and obese individuals. Our findings are 
supported by literature stating that mostly physical aspects of HRQL can be associated with 
bodyweight (2;18;23). Thus, our findings was with the exception of lower mental aspects of 
HRQL among underweighted women, which previously has been associated with disease and 
fear of increased mortality (2). Women were more physically and mentally affected by BMI 
than men, which are supported by previous findings of a higher share of women reporting 
dissatisfaction with bodyweight (38;43;46).  
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4.4 Physical Activity  
One of the most important findings in this study was the strong nearly linear association 
between physical activity and HRQL, as depicted in the figures 1 and 2. Overall, the 95% CI 
regarding physical activity in association with PCS and MCS were small especially for 
women, indicating convincing statistical significance. Physical activity had the strongest 
effect size on physical health, which corresponds with previous studies stating a strong 
association between physical activity and HRQL (13;22;71-73). Health benefits and well-
being due to physical activity is commonly seen (1;4;40;42), even in the absence of weight 
loss (22;71). Physical activity can counteract weight gain, but does presumably not alone lead 
to an adequate weight loss if not combined with change of lifestyle (51). However, regular 
physical activity as well as sedentary lifestyle avoidance is essential due to bodyweight loss 
maintenance (25). An active lifestyle is recommended for the maintenance of a healthy weight 
(33), due to the risk of weight gain following inactivity. This can be prevented by increasing 
time spent on hard physical activity (15;72). It has been reported that regularly hard or 
moderate physical activity affects HRQL to a greater extent than regularly light physical 
activity (11;41). In the current study men reported to spend more time on hard physical 
activity than women, which can partly explain the lower mean PCS and MCS among women. 
However, women reported more time spent on light physical activity. There was a significant 
interaction between gender and physical activity on PCS, indicating that physical health 
benefits were stronger among women than among men (figure 1).  
Improved HRQL according to physical activity might occur as a result of changes in 
level of body fat, body fat distribution and resting metabolic rate (10;22). Further, health 
benefits due to physical activity and weight loss or maintenance follow an increase in energy 
expenditure, consisting of resting metabolic rate, activity energy expenditure and energy due 
to the thermic effect of food (10). Therefore, energy metabolism changes might lead to 
bodyweight changes (10). Although the questionnaires specify activity level due to the 
presence or absence of sweating and being out of breath, there might be individual differences 
in the understanding and definition of physical activity level (11;13;33;40). Intensity and 
durability of physical activity recommendations in the literature is contradictory 
(1;3;4;16;41;48), including WHO recommendations mentioned initially. However, our results 
capture a trend in the current population of gradually increasing PCS and MCS in line with 
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increased self-reported leisure time physical activity. Simply a minor increase in physical 
activity level led to an improvement in PCS and MCS. Though the findings according to MCS 
was slightly less prominent, which has also been reported in previous literature (42).  
It has previously been reported that level of physical activity can affect both BMI and 
bodyweight changes (11;13;16;20;22;43;44). The complicated relationship between 
independent variables was taken into consideration when the explanatory power in this study 
was evaluated, and variables with presumed multicolinearity were excluded.  
4.5 Smoking, education and left out variables 
Current smokers reported the lowest PCS and MCS, while there were small differences 
between never smokers and previous smokers (table 1). Smoking in association with HRQL 
can be prominent, which has previously been reported to be due to health complaints or 
disease among smokers (21). An association between smoking and BMI has also previously 
been reported (5;6), including a common statement that smoking cessation can be associated 
with weight gain while smokers tend to have a lower bodyweight in general (6;51). There was 
no significant gender difference, indicating that current smoking affect HRQL in both genders 
equally negatively. It is worth mentioning that test for interaction between variables showed a 
statistically significant association in MCS between smoking and bodyweight changes, and 
between smoking and BMI (data not shown). The findings are supported by literature stating 
that smoking can impair bodyweight (6;11;44;46;51). However, no interactions between 
smoking and other variables were found in PCS (data not shown).  
Education was initially considered included in the analyses referring to participant 
higher or lower socioeconomic status. Higher or lower educated individuals has previously 
been reported to have higher or lower HRQL, respectively (53). Individuals with high 
education are overrepresented among individuals trying to lose weight (46). Weight gain 
during time can also be associated with low education, low income and to be married (52). It 
is individuals with a higher education who tend to follow the social recommendations of 
lifestyle changes in order to lose weight (38;46). Adjustment for education was tentatively 
included in the multivariate analysis, but solely small changes were found in difference from 
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baseline scores. No changes in R² were found. Consequently, education was excluded from 
the article due to space limitation.  
Regarding left out variables diet, socioeconomic status, sleep quality, stress, ethnical 
race and alcohol consumption, one should take into consideration that measurement of these 
factors is rather complicated due to definition, geographically or cultural differences. Neither 
did we have sufficient data about these variables collected through HUSK questionnaires. A 
healthy diet is complicated to define, thus the energy balance is easily summarized: if energy 
intake is higher than energy consumption, bodyweight will increase (13;51). Further, 
recommended lifestyle changes include modest alcohol consumption and smoking cessation 
in addition to diet and physical activity (74).  
4.6 Regression coefficient R² and other statistical ratings 
The univariate analysis was investigated thoroughly in advance of further analysis and 
adjustment, in order to select variables with low levels of multicolinearity. Further, interaction 
between bodyweight changes and smoking, bodyweight changes and BMI as well as BMI and 
smoking were found in MCS. No significant interactions were found in PCS. The estimated 
R² for the multivariate models were 4.1% for PCS and 3.1% for MCS for men, while the 
estimates for women were 7.0% and 2.4% for PCS and MCS, respectively. The R² scores 
indicate a low explanatory power of this model, and one can speculate in whether other left 
out variables have a greater effect on HRQL. However, as previously mentioned low R² is 
also commonly seen in cross-sectional study design, due to lack of information regarding 
possible causative factors in the past as well as a longitudinal view. However, our findings 
were convincingly significant due to specification of the p–values and 95% CI. Presumably 
one could strengthen the explanatory power of this model by including more variables or 
changing study design.  
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5.0 CONCLUSIONS 
Due to our findings, both mental and physical health is influenced by bodyweight changes, 
BMI, physical activity and smoking. Especially physical activity tends to affect physical 
health to a great extent, while bodyweight changes have the greatest affection on mental 
health. Women benefit even more than men in relation to physical health by increasing level 
of physical activity. Further, women are more physically and mentally affected by BMI than 
men. In addition, never smokers and previous smokers have better mental and physical health 
compared to current smokers. 
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ABSTRACT 
Introduction Bodyweights outside the normal range are commonly associated with reduced 
health related quality of life (HRQL), while physical activity has shown to improve HRQL. 
Few studies have investigated the effect of relative changes in bodyweight on HRQL. 
Methods In the community–based Hordaland Health Study (1997-99), 9276 men and 10433 
women aged 40–47 years were included. Weight and height were measured and information 
on bodyweight changes, physical activity and smoking was obtained from self–administered 
questionnaires including the Medical Outcomes Study MOS short form-12 (SF-12). A 
Physical (PCS) and a Mental health Composite Score (MCS) were derived from these 
questions.  
Results In multivariate analyses bodyweight changes showed a marked effect on PCS and 
MCS with reduced scores associated with increasing bodyweight changes (p<0.001). 
Bodyweight defined by four categories according to Body Mass Index was significantly 
associated with variations in the PCS and MCS. Normal weight individuals had the best PCS, 
while they surprisingly had a slightly lower mean score of MCS compared to the higher 
bodyweight categories. Marked associations were found between little physical activity, 
smoking and decreased PCS and MCS (p<0.001). Women had significantly higher effect of 
physical activity on PCS (test of interaction) with a mean improvement of 5.0 from the least- 
to the most physically active individuals, compared to men’s improvement of 3.2.  
Conclusions Our findings indicate that increasing bodyweight changes are markedly related 
to a reduced physical and mental health, while a high bodyweight in general seems to be 
related to a reduced physical health but not mental health. Women compared to men have a 
greater potential for benefitting from increased physical activity according to analysis.   
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INTRODUCTION 
Weight gain along with increasing age in the population is a growing community problem 
according to The World Health Organization (WHO) (1). Overweight and obesity is strongly 
associated with a poor Health Related Quality of Life (HRQL) (2). Besides, underweight has 
also been associated with reduced HRQL, as a possible result of disease and increased 
mortality (3). However, individuals in their forties are more likely to maintain or gain weight 
during time rather than losing weight (4-6).  
In the Norwegian population average bodyweight has increased the recent decades in 
line with decreased daily physical activity (7). It is estimated that more than half of the 
Norwegian population have a too low physical activity level (7). There is a significant 
association between decreased physical activity and weight gain (8). In general, HRQL can be 
improved by regular physical activity (2;9-11), and increased physical activity is also essential 
in order to lose weight and maintain the weight loss, especially in combination with a 
restricted diet (10;12-14).  
Health benefits of weight loss seem to be more prominent in people from their forties 
and older, since interventions tend to delay the onset of chronic diseases and pain (15). A loss 
of 5-10% might be enough for achieving health benefits, and improving HRQL (16), and 
similar benefits can be seen in individuals solely attempting to lose weight (17). A short term 
weight loss is quite easily achieved, but many struggle with weight loss maintenance which 
initiate bodyweight changes (10;18). Women more often than men tend to report attempts to 
lose weight (19-21), partly due to a higher percentage of women trying to lose weight at a 
lower BMI (21). In addition, women are more likely to perceive themselves as overweight, 
without accounting for actual BMI (19).  
Smoking has an impact on body weight as a consequence of an increased whole body 
metabolism which seems to be temporary (22). Current smokers tend to have a lower BMI 
than non-smokers (23), and quitting smoking is associated with weight gain (4;24). Further, in 
current smokers impaired HRQL has been observed and the primary cause is more reported 
unhealthy days than non-smokers (9).  
Most previous studies concerning adults and HRQL focus on either weight loss or 
weight gain (9;20;25;26). Only a few studies measure bodyweight change in general, and in 
38 
 
association with HRQL (4;6;27). Thus, the aims of the study were to investigate HRQL in 
relation to bodyweight change over time adjusted for current BMI, physical activity and 
smoking.   
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MATERIALS AND METHODS 
Study population 
The study subjects were participants of The Hordaland Health Study (HUSK) in Western 
Norway where the baseline examination were conducted during 1997-1999 (28). A total of 
29400 subjects born 1953-57 (aged 40-47 years) were invited and 8598 men and 9983 women 
participated, yielding a participation rate of 57% and 70% for men and women, respectively. 
In addition 2291 men and 2558 women born 1950-51 (aged 41-43 years) from a previous 
survey in 1992–1993 (28) were included. Participation rates in these groups were 73% and 
81%, respectively. Participants with missing data regarding HRQL were excluded. Thus, 9276 
men and 10433 women were included in the current study.  
 
Measurements 
Baseline measurements included height and weight, carried out by a health professional, with 
participants wearing light clothing and no shoes. Self-administered questionnaires provided 
information on various health behaviours including questions about HRQL, physical activity, 
highest weight and lowest weight last five years and smoking habits. Smoking was 
categorized as current smoking, former smoking and non-smoking. Measurement of HRQL 
includes the validated Medical Outcomes Study MOS short form-12 (SF12) questionnaire 
(29). The 12 questions in this questionnaire are summarized into a Physical Health Composite 
Score (PCS) and Mental Health Composite Score (MCS). The PCS includes primarily the 
health related domains physical functioning, role limitation due to physical problems and 
bodily pain, while the MCS includes primarily health related social functioning, role 
limitation due to emotional problems, mental health. The domains general health perception 
and vitality load substantially on both scales.  
Physical activity was registered as the number of hours spent weekly on light (without 
sweating or being out of breath) and heavy (causing sweating and breathlessness). This was 
categorized into 3 levels: <1 hour/ week, 1-3 hours/ week and >3 hours/ week. In the 
multivariate analyses we combined the effect of light and heavy physical activity by giving 
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weekly hours spent on hard physical activity a higher sum score than hours spent on light 
physical activity to adjust effects. Light physical activity was scored 1 for no light physical 
activity, 2 for <1 hour/ week, 3 for 1-2 hours/week and 4 for 3 hours/ week. Hard physical 
activity was scored 2 for no hard physical activity, 4 for 1 hour/ week, 6 for 1-2 hours/ week, 
8 for >3 hours/ week. A summary score for physical activity was created by adding hard and 
light activity ranging from the lowest score of 3 (no light physical activity + no hard physical 
activity) to the highest score of 12 (>3 hours/ week hard physical activity + >3 hours/ week 
light physical activity).  
BMI was calculated as weight in kilograms divided by the square of height in meters. 
WHO categories of BMI classification was used in the analysis: underweight BMI <18.5, 
normal weight 18.5-25, overweight 25-30 and obese >30. Bodyweight changes during the last 
5 years was classified into 0-5%, 5-15% and >15%. Participants with a current weight <5% 
lower or higher than mean bodyweight change was considered weight maintainers. 
Participants who were measured to have a weight that was more than 3 kilograms outside the 
self-reported bodyweight range during the last five years were excluded. 
The study protocol was approved by the Regional Ethics Committee and by the 
Norwegian Data Inspectorate. 
 
Statistical analyses 
Analyses was performed using the statistical tool Statistics Package for Social Science (SPSS) 
19 for windows, using generalized linear models to estimate the association between the 
bodyweight changes, BMI, physical activity and smoking and the PCS and MCS. Multivariate 
analyses were performed stratified by gender. Differences in the associations between men 
and women were tested by including interactions terms in the model and including both men 
and women. Two tailed P values <0.05 were considered statistically significant.  
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RESULTS 
The mean BMI was 26.2 for men and 24.7 for women. A total of 62.1% of the male 
population were overweight or obese compared to 49.7% for women (table 1). Among men 
22.3% reported a weight change during the last 5 years of less than 5% compared to only 
13.0% among women. Around 50% of both men and women had never smoked.  
The mean score of the PCS and MCS for men was 50.8 (standard deviation (SD) 7.4) 
and 50.6 (SD 8.1), respectively. Corresponding means for women were 49.3 (SD 8.9) for PCS 
and 49.5 (SD 8.9) for MCS. A low score on the PCS was significantly associated with high 
bodyweight changes, high BMI, little physical activity and smoking among both men and 
women (table 1).  
Also for MCS there were significant associations to all covariates although the 
differences were slightly smaller than for PCS. Nearly double as many women (17.2%) 
compared to men (8.8%) reported bodyweight changes >15% and these individuals had the 
lowest mean PCS and MCS scores for both men and women. Further, non-smoking men 
(36.5%) and women (37.0%) reported the best PCS and MCS compared to current smokers. 
The differences between non-smokers and current smokers regarding PCS and MCS were 
small (Table 1). 
In multivariate general linear analyses separately for men and women, all covariates 
remained significant associated with both PCS and MCS in both genders (table 2 and 3). 
Physical activity was the variable with the highest effect size related to PCS for both men and 
women. Bodyweight changes showed the strongest effect size on MCS for both genders.  
An interesting finding was that BMI levels >25 was associated with reduced PCS 
compared to those with BMI <25, but not for MCS. Further, after adjustment for bodyweight 
changes and the other covariates there was actually a slightly increased MCS for BMI >25, 
particularly for men (table 2 and 3). 
To test for difference in the associations between men and women we introduced 
interaction terms when including both men and women in the model. There was a significant 
interaction between gender and physical activity on PCS, showing that the effect of physical 
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functioning was stronger among women than among men (figure 1). No other significant 
interaction effects were found. 
The estimated R² for the multivariate models excluding interactions were 4.1% for PCS and 
3.1% for MCS for men, while the estimates for women were 7.0% for PCS and 2.4% for 
MCS. 
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DISCUSSION 
In this study the lowest PCS was found among individuals with high bodyweight changes, 
high BMI, little physical activity and among current smokers. PCS increased almost linearly 
with increased physical activity, leaving physical activity as the variable with the strongest 
association to physical health. The findings in MCS were similar to PCS, though less 
prominent. The variable with the strongest effect size on mental health was bodyweight 
changes. 
 
HRQL in relation to bodyweight changes 
Bodyweight changes had the strongest effect size on mental health in our study, which  is in 
accordance with the results reported by Fine et al. (6). Low differences in HRQL among 
individuals keeping a stable weight compared to individuals with small fluctuations of less 
than 5 % has previously been reported (30). In the current study, both men and women with 0-
5% fluctuations tended to have the best physical and mental health compared to individuals 
with greater fluctuations. A greater amount of the men tended to maintain a stable 
bodyweight, while nearly the double as many women compared to men reported greater 
bodyweight changes (>15%). However, the largest percentage of participants had moderate 
fluctuations in weight (5-15%), which is in accordance with previously reported bodyweight 
gain due to age (4-6). Weight gain is commonly associated with lower physical functioning 
(3;25;31). Unrealistic expectations of weight loss more than 15% might be a major reason for 
weight management failure and variations (18), as well as previous attempts to lose weight, 
which can be associated with current weight gain or greater variations (4;32).  
 
HRQL in relation to BMI 
HRQL has been shown to be affected by bodyweight issues in a number of previous studies 
(3;16;25;32;33). We found that physical health was lower among overweighet and obese 
individuals as well as in underweighted men. After adjustment, normal weighed tended 
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surprisingly to have slightly poorer mental health compared to the other weight categories. 
Our findings according to MCS are in accordance with previous literature stating that mostly 
physical aspects of HRQL can be associated with bodyweight (3;25;31). Further, we also 
found that underweighted women scored lowest on mental health. Underweight is commonly 
associated with poor physical health, disease and increased mortality (3), while overweight 
and obese individuals have a lower physical functioning in general (2). Our results also 
showed that women were more physically and mentally affected by BMI than men, which 
also has been reported earlier (19-21).  
 
HRQL in relation to physical activity  
The strong association between physical health and physical activity in our study is in 
accordance with previous findings (11;34;35). Our findings indicate that some of the 
impairment in PCS and MCS due to bodyweight changes could be prevented if the level of 
physical activity is simultaneously increased, which corresponds with previous observations 
(34-36). Further, our results show that women more than men may benefit from increasing the 
level of physical activity. Physical activity can counteract weight gain, but does presumably 
not alone lead to a adequate weight loss if not combined with change of lifestyle (37). An 
active lifestyle is recommended for the maintenance of a healthy weight (33). Hard physical 
activity is recommended to decrease the risk of weight gain (27;32). In the current study, men 
reported to spend more hours on hard physical activity than women, whereas women reported 
more hours spent on light physical activity. Some claim that regularly moderate or hard 
physical activity affects HRQL to a greater extent than regularly light physical activity (4;36). 
We found about the same effect for these two types of physical activity for both men and 
women. Improved HRQL according to physical activity might occur as a result of changes in 
level of body fat, body fat distribution and resting metabolic rate which potentially can lead to 
bodyweight changes (5;11). Further, health benefits due to physical activity and weight loss or 
maintenance, follow an increase in energy expenditure and total energy metabolism (5). 
Regardless, we found a strong effect of physical activities also after adjusting for BMI and 
bodyweight changes, supporting that the beneficial effect of physical activities goes beyond 
weight loss. These findings are supported by previous research claiming that health benefits 
and well-being due to physical activity might occur even in the absence of weight loss (2;11) . 
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HRQL in relation to smoking 
About half of the participants in our study had never smoked. We found a lower score on 
physical and mental health among current smokers than in non-smokers. This may be due to 
health complaints or disease among smokers (9). There is a strong association between 
smoking and BMI (22;23), with lower mean bodyweight among smokers as well as weight 
gain associated with smoking cessation (23;37). Our finding of a negative effect of smoking 
also in the multivariate model underlines the adverse effects of smoking in addition to effects 
related to weight issues. 
 
Strengths and limitations 
The main strength of this study is the large number of community-dwelling participants. 
However, the cross-sectional nature of the study precludes any interference about causality.  
Low R² scores due to lack of longitudinal perspective or left out variables was seen.   
BMI and weight perception are not necessarily coinciding (19), which was the reason 
why we excluded participants with self-reported bodyweight changes deviating ≥3 kilograms 
from currently measured weight. Self-reported bodyweight can commonly deviate 1 
kilograms from technician measured body weight (4), and as much as 10 kilograms deviation 
in minus between self-reported weight and measured weight has previously been reported 
among women (33).  
 
Clinical practice and follow-up studies 
Clinicians handling bodyweight change in clinical practice, can beneficially focus on lifestyle 
changes including reduction of bodyweight variations and increased physical activity (37). 
However, follow–up studies are needed to determine whether bodyweight changes are related 
to changes in HRQL in a longitudinal perspective.  
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CONCLUSIONS 
Our results show that reduced HRQL was markedly associated with large fluctuations in 
bodyweight, low levels of light and hard physical activity and current smoking. Improved 
mental health and especially physical health, was strongly and almost linearly associated with 
increased total physical activity, and women seem to benefit even more than men.  
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ATTACHMENT 1: Tables related to the article 
Table 1 Characteristics of the study participants in the Hordaland Health Study. Mean 
Physical health Composite Score (PCS) and mean Mental health Composite Score (MCS)  
due to Body Mass Index, bodyweight changes, physical activity and smoking in men and 
women separately.  
 
 MEN (N = 9276) WOMEN (N = 10433) 
Values N (%) PCS MCS N (%) PCS MCS 
Body Mass Index ≤18.5 39 (0.4) 48.0 50.2 230 (2.2) 49.0 47.8 
18.5–25 3471 (37.5) 51.4 50.2 6145 (59.0) 50.2 49.6 
25–30 4620 (49.9) 50.8 50.9 3014 (29.0) 48.8 49.5 
>30 1131 (12.2) 49.1 50.6 1021 (9.8) 45.6 49.1 
p-value <0.001 <0.001  <0.001 0.017 
Bodyweight changes in 
percent last 5 years.  
0-5% 2065 (22.3) 51.6 51.7 1358 (13.0) 50.9 51.0 
5-15% 5057 (54.5) 50.9 50.6 5646 (54.1) 49.8 49.5 
>15% 815 (8.8) 48.4 48.1 1791 (17.2)  46.6 47.8 
p-value <0.001 <0.001  <0.001 <0.001 
Hard physical activity 
(with sweating and 
being out of breath) 
 
<1h/ week 4890 (53.9) 50.0 50.1 5976 (59.4) 48.3 48.9 
1-2h/ week 2605 (28.7) 51.5 51.0 3002 (29.8) 50.7 50.1 
≥3h/ week 1576 (17.4) 52.1 51.6 1091 (10.8) 51.3 50.7 
p-value <0.001 <0.001  <0.001 <0.001 
Light physical activity 
(without sweating and 
being out of breath) 
 
<1h/ week 1944 (21.5) 49.5 49.5 1613 (15.8) 47.1 48.0 
1-2h/ week 3352 (37.1) 50.9 50.5 3901 (38.1) 49.3 49.4 
≥3h/ week 3750 (41.5) 51.3 51.2 4715 (46.1) 49.9 50.0 
p-value <0.001 <0.001  <0.001 <0.001 
Current smoking No 3377 (36.5) 51.2 51.0 3847 (37.0) 50.0 50.2 
Yes 3257 (35.2) 49.9 49.6 3720 (35.8) 48.1 48.4 
Previous 2623 (28.3) 51.1 51.3 2838 (27.3) 49.9 49.8 
p-value  <0.001 <0.001  <0.001 <0.001 
The total number between variables may vary due to different number of missing data.                    
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Table 2 Associations between bodyweight changes, Body Mass Index, smoking, physical 
activity and Physical (PCS) and Mental health Composite Score (MCS) in general linear 
multivariate model for male study participants (N=9276) in the Hordaland Health study. 
 
 Physical Component Summary Mental Component Summary 
MEN 
 
Crude 
Mean 
Diff 
adjusteda 
95% 
Confidence 
Interval 
Eta-
squaredb 
Crude
Mean 
Diff 
adjusteda 
95% 
Confidence 
Interval 
Eta-
squaredb 
Body 
weight 
change 
  
0-5% 51.6 0 - 
0.007 
51.7 0 - 
0.014 
5-15% 50.9 -0.5 -0.9, -0.1 50.6 -1.4 -1.8, -1.0 
>15% 48.4 -2.5 -3.1, -2.0 48.1 -4.0 -4.6, -3.3 
Missing 50.5 -0.7 -1.2, -0.1 50.6 -1.5 -2.1, -0.9 
Body 
Mass 
Index 
 
 
<18.5 48.8 -2.8 -5.1, -0.5 
0.006 
48.2 1.0 -1.5, 3.6 
0.004 
18.5-25 50.6 0 - 49.8 0 - 
25-30 50.0 -0.5 -0.8, -0.1 50.4 1.1 0.7, 1.4 
>30 47.4 -1.8 -2.3, -1.3 49.9 1.3 0.7, 1.9 
Smoking  
 
Never 50.7 0 - 
0.005 
50.6 0 - 
0.006 Current 49.0 -1.1 -1.5, -0.8 49.0 -1.1 -1.5, -0.7 
Previous 50.4 -0.1 -0.5, -0.3 50.5 0.4 -0.0, -0.8 
Physical 
activityc 
 - 3.2  2.7, 3.7 0.023  2.3  1.7, 2.9 0.006 
a
 Differences adjusted for all other covariates.  
b
 Relative effect size. 
c
 Included as continuous variable in the model with estimate corresponding to a difference 
between minimum (no light and hard physical activity) and maximum (>3 hours of both light 
and hard physical activity). 
Overall P-value for all variables <0.001. 
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Table 3 Associations between bodyweight changes, Body Mass Index, smoking, physical 
activity and Physical (PCS) and Mental health Composite Score (MCS) in general linear 
multivariate model for female study participants (N=10433) in the Hordaland Health study.  
 
 Physical Component Summary Mental Component Summary 
WOMEN 
 
Crude 
Mean 
Diff 
adjusteda 
95% 
Confidence 
Interval 
Eta-
squaredb 
Crude 
Mean 
Diff 
adjusteda 
95% 
Confidence 
Interval 
Eta-
squaredb 
Body 
weight 
change 
  
0-5% 50.9 0 - 
0.011 
51.0 0 
- 
0.009 
5-15% 49.8 -1.0 -1.5, -0.5 49.5 -1.7 -2.2, -1.1 
>15% 46.6 -3.2 -3.8, -2.5 47.8 -3.2 -3.8, -2.5 
Missing 49.2 -1.1 -1.7, -0.4 50.0 -1.3 -2.0, -0.6 
Body 
Mass 
Index 
 
<18.5 49.0 -0.6 -1.7, 0.6 
0.015 
47.8 -1.4 -2.6, -0.2 
0.001 
18.5-25 50.2 0 - 49.6 0 - 
25-30 48.8 -0.9 -1.3, -0.6 49.5 0.2 -0.2, 0.6 
>30 45.6 -3.8 -4.4, -3.2 49.1 0.2 -0.4, 0.8 
Smoking  
 
Never 50.0 0 - 
0.007 
50.2 0 - 
0.004 Current 48.1 -1.5 -1.9, -1.1 48.4 -1.3 -1.8, -0.9 
Previous 49.9 -0.1 -0.5, 0.4 49.8 -0.3 -0.7, -0.2 
Physical 
activityc 
 
- 5.0 4.4, 5.7 0.023 - 2.8 2.1,3.4 0.007 
a
 Differences adjusted for all other covariates.  
b
 Relative effect size. 
c
 Included as continuous variable in the model with estimate corresponding to a difference 
between minimum (no light and hard physical activity) and maximum (>3 hours of both light 
and hard physical activity). 
Overall P-value for all variables <0.001 
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ATTACHMENT 2: Figures related to the article 
Figure 1 Physical health Composite Score (PCS)* and Mental health Composite Score 
(MCS)* by physical activity in men (N=9276) and women (N=10433) in the Hordaland 
Health Study. Physical activity is calculated as a weighted sum of hard and light physical 
activity with 3 corresponding to no light and hard physical activity and 12 corresponding to 
>3 hours/ week of both light and hard physical activity. 
      
                   
 
* Mean scores and 95% confidence interval based on raw scores. Similar effects were found 
after adjustment for confounding factors (Body Mass Index, bodyweight changes and 
smoking). 
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ATTACHMENT 3: The Hordaland Health Study. Questionnaire. 
(Norwegian) 
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